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INTRODUCTION 
Drought is probably the greatest limiting factor in 
crop production in the semi-arid regions of the world. 
Occurring in these regions are the principal wheat producing 
areas of the United States, Canada, Argentina, Australia, 
and Russia. The plants in these regions must struggle 
against such adversities as high temperatures, high evapora- 
tion, low humidity, hot winds, and erratic rainfall. Aamodt 
and Johnston (1936), in citing from "Research on Drought in 
Russia", stated that drought in Russia, followed by famine 
and disease, caused the loss of millions of lives in 1921. 
This plague paralleled in almost every way the drought dis- 
aster of 1892. Hardly a year passes but that one of these 
major wheat producing areas suffers seriously from drought. 
According to Westbrook (1934) it was estimated that the 
total loss from the 1934 drought in the United States was 
$5,000,000,000. 
Drought may be considered to be either edaphic or at- 
mospheric. Edaphic drought is characterized by a deficiency 
of soil moisture for the normal development and growth of 
the plants therein. In atmospheric drought, which is caused 
by hot dry winds, the temperature usually rises so high that 
plants are injured and severe dessication may result. Only 
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the plants' reaction to high temperature will be considered 
in this paper. As the main factor in atmospheric drought is 
high temperature, the term "atmospheric drought under con- 
trolled conditions" may be used to designate the effect of 
the heat chamber. 
Since conditions of high temperature do not occur in 
each of the semi-arid regions every year, plant research re- 
garding drought resistance would be greatly aided if artifi- 
cial conditions approximating or equaling natural conditions 
of drought could be produced. Several investigators have 
devised methods of inducing artificial drought under con- 
trolled conditions. Aamodt (1935) concluded that knowledge 
regarding drought resistance and other characters is limited 
because of the difficulty of artificially producing the 
characteristics, that such equipment as heat chambers will 
continue to play an important role in studies of these char- 
acters. 
Kreizinger (1938) discovered that alfalfa plants tested 
in the morning in a heat chamber were injured to a greater 
degree than plants treated in the afternoon, even though the 
conditions for the test and the materials used were the same 
for both trials. Laude (1939) reported that this diurnal 
cycle of heat resistance was found in corn, wheat, barley, 
and sorghum in addition to alfalfa. Heyne and Laude (1940) 
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decided that light had a marked influence on the resistance 
of seedling plants to high temperatures. These results in- 
dicate that photosynthesis may be one of the mechanisms in- 
volved in drought resistance. This thesis deals mainly with 
the problem of determining the effect of light and carbon 
dioxide on the heat tolerance of seedling plants of wheat a 
and the probable relationship of these factors to the mech- 
anisms of drought resistance in the plants. 
REVIEW OF LITERATURE 
Use of High Temperature Chambers 
Although there has been considerable study on the prob- 
lem of drought resistance, relatively few investigators have 
employed the use of artificial drought chambers to aid in 
the acquisition of more knowledge concerning this complex 
character. This problem deals with the resistance of plants 
to high temperature, which is a form of atmospheric drought 
under controlled conditions. Heat chambers have thus been 
devised so that studies relating to drought may progress 
more rapidly and under controlled conditions. 
Krassnosselsky-Maximov (1931) employed artificial, hot, 
dry wind on wheat and oats to simulate the condition called 
wind burn. It was found that plants were injured more at 
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the flowering stage than at stages of milky ripeness or 
waxy ripeness. Krassnosselsky-Maximov and Kondo (1933) sub- 
jected cereals and other plants to artificial, hot, dry 
wind. They showed that stages of development played the 
greatest role in the susceptibility of plants to dry wind, 
which was the flowering and heading stages for cereals. It 
was further shown that a deficient soil moisture caused the 
plants to become hardened to atmospheric drought. 
It was concluded by Berkley and Berkley (1933) that the 
thermal death point of a plant seems to depend upon its age 
and the duration and conditions of exposure. It was found 
that the lethal temperature of cotton ranged from 40° to 84° 
Centigrade. They defined thermal death point as that tem- 
perature which will kill protoplasm immediately at a given 
relative humidity. 
Shirley (1934) devised a drought chamber for testing 
drought resistance of seedling conifers. This "drought 
machine" consisted of an illuminated chamber with a revolv- 
ing table through which dry air was forced. He found that 
results in the drought machine correlated well with those 
obtained in the field. Later experiments by Shirley (1936) 
and Shirley and Meuli (1939) agreed well with the earlier 
results. Shirley (1936) concluded that resistance to exces- 
sive heat increases with increasing age of plant tissue and 
size of plant tissue. 
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Aamodt (1935) built a machine for testing the resis- 
tance of plants to artificial atmospheric drought. He 
found that wheat varieties known to be drought susceptible 
in the field showed more injury from artificial drought than 
those varieties known to be drought resistant. According to 
Aamodt and Johnston (1936), three factors were of major im- 
portance in drought resistance, viz., the ability to evade 
early periods of drought, capacity of rapidly developing 
root systems early, and greater ability to endure drought 
without permanent injury. 
Hunter, Laude, and Brunson (1936) conducted artificial 
heat and drought tests on inbred strains of corn. Fourteen- 
day-old seedlings were treated at a temperature of 140° F. 
and a relative humidity of about 30 percent for 6.5 hours. 
Resistant lines under field conditions showed little or no 
injury while lines susceptible to firing in the field 
showed heavy injury in the controlled tests. Several trials 
gave consistent results. 
Bayles, Taylor, and Bartel (1937) tested the reaction 
of eight varieties of spring wheat to heat by placing pots 
of each variety on a revolving table in a current of hot 
air. A close relationship between the performance in the 
field and under artificial hot winds was apparent. 
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According to Schultz and Hays (1938) in reviewing a 
paper by Peto (1937), a diurnal effect was found when arti- 
ficial drought injury was tested during early and late 
stages of plant growth. This diurnal condition was primar- 
ily the result of period variations in sunlight. 
Schultz and Hays (1938) compared the resistance of 
plants in both seedling and sod stage in a drought machine 
with behavior under field conditions. Very good agreement 
was obtained with artificial drought trials as compared with 
field data. They concluded that artificial tests of drought 
resistance may be used to indicate those species or varie- 
ties of forage which can be best expected to survive under 
natural atmospheric drought. 
Heyne and Laude (1940) subjected 20-day-old corn seed- 
lings of a number of strains to heat for five hours at 130° 
F. and a relative humidity of 20-30 percent. The reactions 
of the strains to artificial drought correlated very well 
with behavior of the same strains under drought conditions 
in the field. They further found that the heat resistance 
of seedling plants of corn was considerably increased by ex- 
posure to light for as short a period as one hour. 
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Effect of Sunlight on Plants 
It has long been known that plants utilize the energy 
from the sun's rays in the process of photosynthesis. It 
is also known that the plant is the only means of utilizing 
the radiant energy and that this process is a very ineffic- 
ient machine. The problem of how the plant transforms 
kinetic energy from the sun into potential energy is as yet 
unknown. 
Physicists think of light as radiant energy visible to 
the human eye and including all the primary colors as well 
as their various shades and which can be separated by means 
of a glass prism. Sunlight is commonly thought to include 
the ultra violet and infra red rays, which are invisible to 
the human eye. 
It would be very impractical to review all of the lit- 
erature in this paper regarding light and its effect upon 
plants. Ramaley (1933) presented a working bibliography of 
studies relating to the effect of day length and artificial 
illumination as affecting growth of seed plants. Miller 
(1938) also has reviewed the literature thoroughly in regard 
to effect of light on plants. 
As has been mentioned previously, the most important 
effect of light is in the process of photosynthesis. 
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However, it may affect the plant in a number of ways. 
Arthur (1930) stated that the visible region of sun- 
light is the most important in the process of photosynthe- 
sis. Sheard, Higgins, and Foster (1930) found that growth 
and development are enhanced by the ultra violet and infra 
red portions of the spectrum. The portion of maximal energy, 
which is the green portion, is inhibitory to germination 
and growth. They further discovered that light had just the 
opposite effect upon the development of chlorophyll. Ultra 
violet and infra red rays hindered development of chloro- 
phyll while the yellowish-green, green, and greenish-blue 
seemed to stimulate chlorophyll development. Sayre (1928) 
stated that wave lengths of radiant energy longer than 680 
m./lare not effective in the formation of chlorophyll in 
seedlings of wheat, corn, and oats. He believed that the 
effectiveness of radiant energy increased with wave length 
up to about 680 mA and then ended abruptly. 
In studying effect of light on seedlings in relation 
to available nitrogen in carbon, it was found by Reid 
(1929a) that light does not favor the growth of seedlings 
from low protein, starchy seeds unless extra nitrogen is 
supplied, that light favors assimilation of nitrates, and 
that light favors the process of thickening of cell walls in 
all types of seedlings. 
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Reid (1929b) reported in another paper that exposure 
of light during normal length of days in May and June band 
an inhibitory effect on the growth of stem and hypocatye, 
but a stimulatory effect upon the growth of leaves and 
folioceous catyledons. 
Miller (1938) stated that a number of workers have 
studied the influence of light upon the absorption of cer- 
tain ions. It was found that in the case of Nitella light 
greatly increased the absorption of certain ions. 
It has been found by Green (1894) that light exercised 
a destructive influence upon diostase, the deleterious ef- 
fect being caused by the rays from violet end of the spec- 
trum. It is generally agreed that all enzynes are sensitive 
to light, especially ultra violet light.. 
Spoehr (1915) found that light caused an increase in 
the rate of respiration. He believed this to be due to 
higher oxidative power of air during the hours of illumina- 
tion. 
It is believed by Miller (1938) that light may increase 
transpiration in one or all of three ways: (1) Light may 
cause higher temperature of leaves, (2) light may cause 
greater permeability of the protoplasmic membrane, (3) light 
may cause inhibitional changes in the cell wall colloids so 
as to render the cell wall more permeable to water. 
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Vickery et al. (1937) found, in working with tobacco 
leaves in light and dark, that there was a synthesis of 
organic solids of considerable amount in light. In the dark 
there is a decomposition of organic solids into volutile 
products. 
Physiological Aspects of Drought Resistance 
As the study of the resistance of seedling plants to 
high temperature is closely allied with tolerance to atmos- 
pheric drought, it would be well to review some studies re- 
garding the internal nature of drought resistance. 
The nature of drought resistance, according to 
Vassiliev (1929), is first of all determined by the internal 
character of the plant itself. He believed that a study of 
these characters was a means leading to the knowledge of the 
properties of drought resistance and guiding the breeder as 
to the choice of peculiarities that may be valuable in 
selecting drought resistant plants. 
Tysdal (1933), working with factors influencing the 
hardening process in alfalfa for resistance to freezing, 
found that light influenced hardening nearly as much as tem- 
perature. He noted that both period and intensity of light 
were factors. According to Dexter (1933) conditions which 
cause accumulation or conservation of carbohydrates and 
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other food reserves favor the hardening of plants. Illumi- 
nation helped markedly in hardening. He further found that 
the removal of carbon dioxide from the air which the plants 
received or the placing of plants in the dark greatly de- 
creased, and in some cases entirely prevented hardening to 
cold. He concluded that conditions, which increase photo- 
synthesis and decrease respiration and the growth of vegeta- 
tive parts, are the basis of resistance and hardening. 
Vassiliev (1931) believed that the mobile fraction of 
carbohydrates in the plant regulates the life processes of 
the plant. He further stated that the accumulation of sol- 
uble carbohydrates by a plant is a means of increasing its 
drought resistance. In later experiments, Vassiliev and 
Vassiliev (1936) stated that carbohydrates aid markedly in 
regulating the osmotic pressure of the plant cell. Carbo- 
hydrates also play the role of protector in preventing 
coagulation of the protoplasm when influenced by harmful 
factors. The authors believed that an accumulation of 
hemicellulose during the stage of water loss is a means of 
resistance and is a natural reaction of the wheat plant to- 
ward drought. 
Kondo (1931) found that conditions of growth previous 
to the experiment determines to a large extent the degree of 
resistance the plant has in withstanding dehydration. He 
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also believed that the stage of development may play an im- 
portant role in a plant's ability to resist drought. 
Newton and Martin (1930) proved that bound water con- 
tent was a dependable index of drought resistance among cul- 
tivated wheats and some grasses. 
MATERIAL AND METHODS 
Equipment 
The heat chamber used in this experiment to simulate 
drought conditions in the field consisted of an insulated 
room 6' x 5'4" x 9'. The heat was produced by blowing air 
through a steam radiator and on into the chamber through 
vents in the wall. The relative humidity was increased by 
the escape of steam from a nozzle into the air stream, and 
decreased by fresh air drawn in from the outside. The tem- 
perature was also decreased in this manner. The air stream 
was kept somewhat constant by allowing the old air to escape 
when fresh air was being brought into the chamber. A series 
of baffles and dampers controlled the path of the air and 
were regulated by thermostat and humidistat, thus control- 
ling the temperature and relative humidity. The velocity of 
air flow can be regulated by a damper but for these trials 
the velocity was set at 81.5 feet per second. A turn table 
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five feet in diameter is located in the center of the room 
and is driven by an electric motor at a velocity reduced to 
about 1.2 revolutions per minute. 
The chamber may be lighted by four 250-watt bulbs if 
desired. Three panes of glass separate the bulbs from the 
chamber so that the heat from the light bulbs will not in- 
fluence the controlled heating of the chamber. 
To study the effect of photosynthesis on resistance of 
plants to heat, a carbon dioxide eliminator was devised. 
This was patterned after a similar eliminator used and des- 
scribed by Miller (1910) in working with Helianthus annuus. 
The carbon dioxide eliminator consisted of an electric 
motor running an air pump, which forced the air through 
four different solutions into two bell jars and then out 
into the atmosphere. The solutions through which the air 
passed in order are two solutions of 30 percent sodium 
hydroxide, one saturated solution of barium hydroxide, and 
one solution of concentrated sulfuric acid. The first two 
serve in eliminating the CO2, the third indicates whether 
or not all the CO2 has been removed and the fourth elim- 
inates the moisture in the air. The bell jars were con- 
nected in series and are immersed in a water bath with an 
oil covering so that no air can escape or enter except 
through the proper tubes. One pot of plants was placed 
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under each bell jar. In Plate I is shown the carbon dioxide 
eliminator. This test involving the elimination of the car- 
bon dioxide will hereafter be referred to as the carbon 
dioxide test. 
Material 
The plant material consisted entirely of Tenmarq wheat. 
This variety was selected as it is one of the best adapted 
varieties for Kansas and is grown widely throughout the 
state. It was also intermediate among varieties tested as 
to drought resistance in the seedling stage. 
The soil used was a good uniform bottom land soil 
brought in from the Agronomy Farm. Nine kernels were 
planted in each four-inch, unglazed, clay pot and the seed- 
lings later thinned to five per pot. In the two light 
studies, there was a replication of four pots for each treat- 
ment. For the carbon dioxide study, only duplicate pots 
were used as the carbon dioxide eliminator would handle only 
two pots at one time. The plants were grown at optimum con- 
ditions in the greenhouse, and plants were well watered be- 
fore each trial. 
For the tests run during the summer, 14-day-old wheat 
seedlings were used. Suneson and Peltier (1934) have shown 
that young winter wheat seedlings still dependent upon the 
EXPLANATION OF PLATE I 
Apparatus designed to eliminate CO2 from the 
bell jars. Plants are therefore placed in the sun- 
light in a CO2 free atmosphere. 
Plate I 
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endosperm varied considerably in cold resistance from those 
plants more advanced in growth. Heyne and Laude (1940) 
showed that 20-day-old corn seedlings were no longer depen- 
dent upon any material in the endosperm. It has also been 
shown by unpublished data from the Kansas Agricultural Ex- 
periment Station that 19-day-old wheat seedlings were no 
longer dependent upon the endosperm for food. For this 
reason 21-day-old wheat seedlings were used for all material 
tested during the fall and winter. 
The dark boxes used for the test were cardboard boxes 
of uniform size, each holding four pots. These were sealed 
so that no light could enter and placed over the pots at 
intervals according to the design of the experiment. 
Experimental Methods 
Seedling plants of Tenmarq wheat were placed in the 
dark boxes at 8:00 P.M. of the day preceding each trial. 
The following day the pots were removed from the dark boxes 
at intervals, according to the design of the experiment, 
the first treatment being always removed at 8:00 A.M.' For 
the carbon dioxide test run during the summer of 1939, only 
six pots were used in one trial. At 8:00 A.M. of the day 
of the trial, two pots were removed from the dark boxes and 
placed in the carbon dioxide eliminator, and two pots were 
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placed in the sunlight under natural greenhouse conditions. 
The remaining two pots were left in the dark box until 1:00 
p.E. At this time all pots were watered thoroughly but not 
excessively and transferred immediately to the heat chamber. 
They remained in the heat chamber for a period of five hours 
at a temperature of 120° F. and a relative humidity of 35. 
percent. The experiment was repeated 12 times. 
It was decided that the glass of the bell jars in the 
carbon dioxide eliminator might not allow some rays of light 
to pass through to the plants. Another treatment was there- 
fore added and this experiment was repeated 10 times. The 
same procedure was followed as before except that eight pots 
were used in one trial. They were all placed in dark boxes 
at 8:00 P.M. of the day preceding the test. At 8:00 A.M. of 
the day following, six pots were removed from the dark box. 
Two pots were placed in carbon dioxide eliminators; two pots 
were placed under bell jars which were open at the bottom 
allowing free circulation of air; and two were placed under 
normal greenhouse conditions in the sunlight. At 1:00 P.M. 
the eight pots were watered and placed in the heat chamber 
for a period of five hours at a temperature of 130° F. and 
a relative humidity of 35 percent. 
During the summer of 1939 a temperature of 120° F. was 
high enough to cause differential killing. However, during 
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the fall and winter the level had to be increased to 130° F. 
A possible explanation for the difference in the levels re- 
quired is that the whitewash on the greenhouse during the 
summer may have exercised a screening effect of some of the 
beneficial light rays, thereby leaving the plants more sus- 
ceptible to heat. There was no whitewash on the greenhouse 
during the fall and winter. Also, the plants tested in the 
summer were 14-day-old plants while those tested in the fall 
and winter were 21 days old. It may be that the older plants 
had an accompanying increase in resistance to heat. 
The light-interval tests were designed in a similar 
manner. The long interval experiment had a total of six 
treatments, replicated four times and repeated twenty times. 
Plants were again placed in dark boxes at 8:00 P.M. preced- 
ing the test. The day of the trial four pots were removed 
at intervals of one hour beginning at 8:00 A.M. so that the 
treatments consisted of five, four, three, two, one hour of 
light and no light. As the plants were removed from the 
dark boxes, they were placed under normal sunlight in the 
greenhouse. They were treated for a period of five hours 
at 120° F. and a relative humidity of 35 percent in the 
heat chamber. 
The short interval test was similar to the long inter- 
val except that 15 treatments were used, replicated four 
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time. The treatments consisted of no light, 10 minutes, 
20 minutes, 30 minutes, 40 minutes, 50 minutes, 60 minutes, 
75 minutes, 105 minutes, 2 hours, 2-.1; hours, 3 hours, 4 
hours, and 5 hours of exposure to sunlight. The pots were 
then treated in exactly the same manner as the long light 
interval test except that 130° F. was needed to cause dif- 
ferential killing. The experiment was repeated six times. 
After having been in the heat chamber for a period of 
five hours, the plants were transferred to the greenhouse 
and placed under normal greenhouse conditions. As soon as 
the soil in the pots had cooled to nearly normal, the 
plants were watered thoroughly. The fourth day after treat- 
ment the percent of injury was determined. This measure was 
based upon the percent of leaf area injured and dessicated 
by the heat treatment. This measure depended upon an es- 
timate of the observer, but after a little practice, con- 
siderable accuracy was attained as to comparable readings. 
The twelfth day after treatment the percent of survival 
readings were recorded. Each pot was considered a unit and 
no attempt was made to record the injury of individual 
plants. 
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Statistical Methods 
All the experiments were designed so that statistical 
analysis could be applied. As the analysis of variance has 
proved to be the most precise, flexible, and readily usable 
method of analysis of data from experiments involving two or 
more variables, it was used in analyzing these data. The 
difference between pots in the same treatment was considered 
as error as replications of the treatment should have the 
same reading except for uncontrolled variations and chance. 
All second and third order interactions involving pots were 
also considered as'error. Variation due to trials, treat- 
ments, and the interaction between trials and treatments 
was found in all cases. 
There has been considerable work done recently in re- 
gard to the transformation of percentage data to increase 
the validity of generalized standard errors and especially 
analysis of variance. It was decided to transform the data 
by use of the formula used by Clark and Leonard (1939). In 
this formula each estimate of p is replaced by sing ©. 
is therefore = -1-- cos (1-2p). The derivation is as fol- 
lows: 
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p = sin2 
sin.L. C = 2 (1-cos 20) = p 
2p = 1 - cos 2 0 
cos 20= 1-2p 
20 = cos -1 _(-1 1-2p) 
= cos (1-2p) 
The sample calculation is as follows: 
p = 60% = .60 
2p = 1.20 
1-2p = -.20 
cos--;1- = 101.54 
i cos' = 50.770 
This type of transformation is designed to change discrete 
into continuous data. 
The data on the 72 observations of the first carbon 
dioxide test were transformed and analysis of variance run 
on the transformation. The analysis of variance was also 
run on the original percentage data and the results compared 
It was decided that the accuracy was increased very little 
by the transformation and this added accuracy was not worthy 
of the time involved in transforming the data. Perhaps the 
reason for so much similarity was that there were a great 
number of observations at both extremes of the percentage 
scale. Transformed data is also discontinuous at these 
extremes so that little accuracy is gained. It was decided 
to discontinue the transformations and make the remainder 
of the analysis on the basis of the original percentage 
data. The tables of both original and percentage data, and 
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analysis of variance tables for both are given in the exper- 
imental results. 
EXPERIMENTAL RESULTS 
Effect of Long Intervals of Light upon Resistance 
of Wheat Seedlings to High Temperature 
The first experiment was made mainly for the purpose of 
verifying the results of other workers who have shown that 
light was a major factor in the resistance of plants in the 
seedling stage to high temperatures. The data obtained fron 
the long light interval study show clearly that the resis- 
tance of plants to high temperatures is affected by light. 
However, the data were treated statistically by the use of 
analysis of variance. The average percent injury and per- 
cent survival are shown in Tables 1 and 2, respectively. 
These data are the average of four pots of each treatment. 
The data for the 20 trials are given and the mean for each 
treatment, which is the average of 80 observations. The 
summaries of the analysis of variance for both injury and 
survival and the calculations of the level of significance 
for both are shown in Tables 3 and 4, respectively. Varia- 
tions due to treatments, trials, and the interaction between 
treatments and trials are clearly significant in all cases 
as they exceed the one percent point for all variables and 
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Table 1. Long interval light test, average injury of four 
pots in percent, 1939. 
Treatment 
No. Trial 5 hrs. 4 hrs. 3 hrs. 2 hrs. 1 hr. no 
light 11 ht light light light light 
1 June 7 26 32 20 10 33 61 
2 June 8 35 50 25 6 51 91 
3 June 9 29 25 33 21 24 60 
4 June 14 69 73 83 81 80 80 
5 June 15 5 8 6 10 20 48 
6 June 16 25 19 30 33 25 51 
7 June 20 9 9 14 18 20 31 
8 June 21 44 40 46 38 39 88 
9 June 22 71 73 79 83 83 96 
10 July 6 24 4 5 9 24 90 
11 July 7 3 9 8 6 8 76 
12 July 8 0 8 4 3 1 83 
13 July 10 3 11 5 4 24 70 
14 July 11 1 1 3 4 16 84 
15 July 12 4 0 4 8 11 89 
16 July 13 3 3 3 9 10 84 
17 July 14 0 0 0 3 8 85 
18 July 15 16 21 15 16 9 46 
19 July 16 4 5 8 8 10 36 
20 July 17 16 5 8 8 10 39 
Mean 19.25 19.66 19.82 18.70 25.19 69.37 
1Jean of all individuals = 28.66 
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Table 2. Long interval light test, average percent survival 
of plants in four pots, 1939.. 
No. Trial 
Treatment 
5 hrs. 
light 
4 hrs. 
light 
3 hrs. 
light 
2 hrs. 
light 
1 hr. no 
light light 
1 June 7 100 100 90 100 100 70 
2 June 8 95 95 100 100 90 20 
3 June 9 100 95 100 100 100 60 
4 June 14 45 65 45 50 65 60 
5 June 15 100 100 100 100 90 80 
6 June 16 100 100 100 95 95 90 
7 June 20 95 100 100 100 90 85 
8 June 21 90 65 60 85 75 15 
9 June 22 30 20 20 30 15 0 
10 July 6 90 100 100 95 85 23 
11 July 7 100 100 100 95 100 68 
12 July 8 100 90 100 100 100 45 
13 July 10 100 85 100 100 80 15 
14 July 11 100 100 100 100 90 30 
15 July 12 100 100 100 100 100 29 
16 July 13 100 100 100 100 100 43 
17 July 14 100 100 100 100 100 30 
18 July 15 95 95 100 100 95 90 
19 July 16 100 100 100 100 100 89 
20 July 17 100 100 100 100 100 90 
Mean 92.00 90.50 90.67 92.50 88.50 51.46 
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Table 3. Summary of the analysis of variance for in fur for the long interval light test. 
Variation due to df Mai of can Fr value 
squares square Cale. 5% pt.:1% pt. 
Treatments 5 161,361.513 32,227.230 141.033 2.24 3.07 
Trials 19 173,065.493 9,108.710 39.861 1.64 1.99 
Treatments x trials 95 60,113.122 632.770 2.769 1.14 1.19 
Error 
Pots 3) 
Treatments x pots 15) 360 
Trials x pots 57) 
Trials x treatments x pots 285) 
82,263.408 228.509 
Total 479 476,802.536 
Standard error of a single determination = V05:759 = 15.113 
Standard error of the mean for each treatment = 15.113 = 15.113 = 1.689 
I80 8.944 
Standard error of a difference = 0 1.689 = 2.388 
Level of significance for 5% point = 2.388 x 1.967 = 4.697 
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Table 4. Summary of the analysis of variance for survival for the long interval light 
test. 
Variation due to df Sum of 
squares 
Mean 
square 
F value 
Calc. 5%-pt.:1% pt. 
Treatments 5 104,188.53 20,837.706 72.44 2.24 3.0q 
Trials 19 161,620.91 8,506.364 29.57 1.6,k 1.99 
Treatments x trials 95 58,633.55 611.195 2.15 1.14 1.19 
Error 
Pots 3) 
Treatments x pots 15) 360 103,554.37 287.651 
Trials x pots 57) 
Treatments x trials x pots 285) 
Total 427,997.36 
Standard error of a single determination = N287.651 = 16.96 
Standard error of the mean for each treatment = 16.96 = 16.96 = 1.896 
-110U- 8.944 
Standard error of a difference = Y 1.896 = 2.681 
Level of significance for 5% point = 2.681 x 1.967 = 5.274 
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greatly exceed the one percent point in the case of treat- 
ments for both injury and survival. The level of signifi- 
cance for the means of each treatment indicates that statis- 
tically there is no difference between treatments of two, 
three, four, and five hours of light. However, those plants 
treated with only one hour of light were injured significant- 
ly more than those treated with more light. The plants 
treated with no light are very significantly different from 
all other treatments. 
The level of significance for survival shows that the 
treatment of no light is very significantly different from 
each of the other five treatments but that there is no signi- 
ficant difference between any two of the other five treat- 
ments. 
Figure 1 is a graphic presentation of the data for in- 
jury, showing the sharp drop in percent injury in the first 
hour of light. This is also borne out in Fig. 2 which shows 
a similar rapid rise in percent survival during the first 
hour the plant is exposed to sunlight. 
It was observed that most of the individual observations 
for injury fell into the lower classes and for that reason it 
was deemed advisable to show a histogram of injury (Fig. 3) 
and of survival (Fig. 4). This indicates a very shrewd dis- 
tribution of the data. However, as the data indicate that 
.J O s .1 2:n.,.. c., ,_-F,T.. 
Jo pol tie,' 
.. MMM 
:=AM7-OMEVEMENNIMMA MMMMMMM MENEM: ama.uves 
ImmomussmpusLic. r.sgpl-Rionsms 
MMMMMMMMMMMM MELAI.dbudigMEWNEM 
MINIMUM IM 
-.1:Lzalmsmossmosolmum m;)" -,t11-1 S "--. II 
MMMMMMM MMMMM mia12: MINMEMEM 
MEE MMMMM ENNEMEMEMENMEMENNESE 
EMEEMpfl 
=III. naMlEll 
M 
ERMUMEMMEMMENE MMMMM EUMEMENMENNEU 
IIIIII.... sam........s................. 
miumpromm. MMMMM NEE MMEMEOLIMUSI 
111110.. MMMMMMMM RIPMEEBIIIMUM.M"M" 
EN-E MMMMMMMM ammo 
summosegsassomm MMMMMMM EWE ENEVE! IIENEEME 
:BENUE MMMMMM 
:11112 EM 
IONE 
ENE IEEE: 
I 
I 
1111111 
11 
M lr AgEll IMMIX 
ONIA!,a.MMel,a11-.1,C
..1141 
:: 
laPilltalligil:1111::11 IT: 
:MENNEN EWEN 
KIIIIIIIIMIENNIIINATIIII. 
iiiiiiirlillillIIIMBILTIIII""m"cl°11"" 
III. 1 
iiiiiiiiIiiiiiiimmg 11124231 Ji1011M 
1[... 
MS 
11.11:134NEMIMMIIIIIIIIIIMInnin 
MEM MMMMMM :1111:1 
apis .....9 PP m mm" ms IsItillImillawsraillisommmummimmemwmil 
ig N 
m oU sssummaaummu ansimor m i sIII  M 11111111iiiiiiii21161m111 
M 
4EMI Um PLEMPTMr.M MS n .ANA MM MMM ""11raUPITMIEOniM M Sh.m:::: 
allii pilling MUM MMMMM MM.! um 
- 4 
....im m MMMMM Emma MMMMM EN M Om 1:1.1 .unia.edleiLddrammrn.......- i ::11 
1.... MMMMMM ........... p.m= III mill mums. ...........-icv- MEMMEMEN 
k imilbill ERM:::maird MMMMM - 
:EM: 
IIMMOMMIS :::::iiiiiM 
iiiiiiIMMUIMME:11:: 
!PIM AM 
M MMMMMMMM ommommis MMMMM insom. Immsmism 1m 
mum smssualmul MENNEN= 
MMMMM MEIMMEN. ESESUME MMMMMMM NEElmMENEE::MNI 
I INU I IEMIIIII 
M 
: IIIIIIIIIIIIIIII 
MMMMMMMMM EMI 
.::::: Illsuilre,EL.,.! --...-:: 
... ... 
..............m...1 ...Ir. ::::-.1 
.. MMMMMMMM ............ 4 pmemnimmmas 
N EMMEN ME :: MMMMM EMEMEMENME IMMEMEMNEEEMEH 
ENEEEM ENOMme I ME I 
MMMMM EMMEN MAME= MMMMMMM p 
......s MMMMMM ma 
MIMERERMEWOMMENNEEMEE 
MUMMA NIEEN IMMEMEENIESEI 
IMMIIIIIIIiiiiil MESE pmEmmasmmummemolmmoupp moms 
lilpillir 1111111M M -2 1.:212 
........, 
1 ....m.a........111:1. ...010:1: iiiipplaillipilii.....
MEMMEMENEEMn= IIE IMAIIIMEIMINEIIIIIO IIIIIII 
M : 
MENM, MENUMMOMMA 
EMEEEMMEMMV 
mommossircom Insammul mossommummaim UM 
MEMMEEME MEESE 2IN :OEM 111:::::. MMM NEWMAN 
W.1. NM EME1- 
MM Min 
M 111114111 
immummmamm Immo 
mum MMEEREMMEM 
IMMNEEM ME EMEEM EMMENEMEME 
IIIIINE 
::::-.0:11 MMMMM 
.. 
.... 
. 
. : 
MMMMM ummom mommmaymmme 
posmommom 1 
1 
gm am 
mommom semommpowm MMMMMM smosimmommom wila: 
MMMMMM IINEEUE EMEINEEMEMMEMEN MMMMM EMENNEEMENMEME 
EMINEMMEMMIENEE 
=MENEM 
I IFICUIII IINIMEIEZMpl 
mowismem.punip 
ismoma MMMMMMM smaiwommss 
...moss 
srommommmoss MMMMM musismsosomomm mum sum II:Emoimull 
ipso MMMMMM ENEEMEM.MMESEEMEENNUEN ENEEMMEEE MOEN EMEMEMENEENE 
MORE= I EEO MEMEE ....Bom__ NEffiffENEEMENEEIMMEEN MMMMMMMMMM ENOMMII 
WENN immommornsmsmpommunsumm_ issimomm MEMEMEEME 
IEEE MEENEMEMENEMEMON 
il EMENEEMEMENEMEEMEM 
MMENMENEME MI MMMMMMMMMMMMMMMM 
iiiiiiiiiiiiiii1:1111111111111 
pEmmm:mnsm mm !EMIL 
ENEMIES NEMEM 
IMMEMERIMIiMM ME MEN MMMMMM IMMENEMEMEMEME MMMMMMM milimils 
mmosommommork 
slisamsommmom 
111111:111111::::::::1101111111 
mussoliimm 
ENE EMEMMMEMENEMMOL
EMEEMMINIWTIMMEEM ::EMEMEMEMMIMAMMEEEMEN 
um! immilipemsSimi NEW.. NEMENENEE 1111 r iiii1111110111MIIIIIIIIIIIIII IIII:MMII 
MENEEMMEMENEEMMEMEINIIIIIINA 
M 
II 
M ICI P.1.91EM MMMMMMMM I 
MM 
II 
iirala =IF 3Fpnar. uninum: 921."Bil 1 m unise.. 
. imulammomm MMMMM MEE IIIM,A. 1 Allmmillim 22."41111:11 
...NimmillIN11:11 
mismosnamummummissima. 1 Immumempimmamomm. 
'11111 
Y MMMMMM ..... 111151151E11:::::::::::: 
_ _ EMI I Ill.,. AM 
MEMEI: MMMMMMM 
NIEMEN ENEE 
MMMMMMM EMEMEMOMME MMMMMMMM MEM MMMMMM MEE EMU EMMEN EE 
MUM MMMMM EMEMEMEAMENEEMENEEKEEMMEN MEEETIUUMMUMWAritie 
NEEMEEMEMMEM MMMMMM UNEEllipillEMEMMENEAME WIMPENEMMEENEMMUMMENNE 
MM M PROMPUNIIEM 
1111. 
EMENSEEM MENEM MMMMMMMMM MEMENEINEENE MEM ENE MM MMIOMMO MMMMM NOMMEN EEEMEWEEMEENEEMEMIMEMER MERE 
ERREEMEMENEEMEMEN EONNERMEMMILIMMEENN IIIIIIII il 
MEMO 
EMEMEMMUMENEMENENNEM SEMBEEMEMERE Essmamip IIIIKuusimuummuuna rie....... MMEMMEMEUEMEEMEMMERM NE ME 
MMMMMMMMMM EMOMEMEEMEM "MI M :::::8:::::immul:121. I dim MMM ...._ ::::=11411:1 An 
nom Now ax. MENMEEMEEE MN 
0111U 
MENEM MOINEmE...., 1019aaN7 MUNN NEWEEMMM:NEEMEMMENEMERMEENENE MM.:MN= MII/Illin 
OM MMMMMMM 
ESOMMEENEEMEENNESE MN MIIIIII MEE 
IIIIIIIIIIIIMMUMNI NEMO 
IIIIIIIIIIIIIIIIIIENNENIIIIMIIIIM 
EE 11111EMENNEMEENNIMIN EMEMEEi BIRMIINTIERMEN 
Waal ils opurammse MMMMMMMMMMMM ar M dilimum IIIIIIIIIIIImmalmemm MMMMMMMM ammommu: ma' mmumli1111111111" mom 
Es sax mu, NM sum MMMMMM mmommumml ono m 1:: mem mil I" MI milusums 
=mum MMMMM amonommve mum M 1:::::::: oissmom 
MEMOS MOM IIIIINEHINXIMIXAMIIMOMMEEEMS MMMMMMMM :MENEM M iligliiiiiiummummulummun Es.. ........r.........1... .....1....1 
B.............. ...................... MMOMMIWA INMEMITEMMEMEIMMUMMIMAIMUMEMOS W=r1 MR r9 9m MEMMEENEEMENE SEEM ENE EMEENEMEMEME MI M. II=IN ....:::rm .......I 
... 
SOME MINIM EMMEN MMMMMMMM MENNE ENE 
1 NM 
111011111!!!!!11111119111".119 
14111111111101;1:11 li 
iiiinmsliiim .2.1somomomill 
las 
!iv 
ammurnms 
ihm=41111111:312". mumomminsmftsa 
OEM EMEVROMMEMIMETIMAINEEEMI MMMMMMM EM MMMMMM MUMEMAENNEMEKManAMENE 
mil-EZEWEEMENENEEM III 
M 4MMEEMA MMMMMM MENEM MMMMM NI 
Rims M 
1211;1:""""issmp 
sms.nsmsms 
ssiummummmasmsmegmi MENNE MEMONIN 
1 ONIEMONEMMECt MENEMMEE 
MEM NN 
MAEMMIPTEt. 
1741017COIMMEM: .L.....kli 
Eszsiummeu MMMMMMM omull 
MEMENMEEMMEMEMENEEM 
MMMMMM ME MMMMM MENEM MOON NEMENENO 
MUMA NNE MEMENNE IIIIIIIIIII 
JENNIES I 
....M.MINEMEMENMEMENEMENSEEME EMENEM ENNEEMEMEMME MEE MMMMMM MEMNON EIIMEE MEM NEM InI41161% 
EMS MMMMMMM EMEMImmmmm 
ummss 
IMENEMEN 
NEN 
EMEIMEMNIIMMEMMENI/IIIEMMENNEN 
mEEENNEEEFEENE MMMMM EMMEN NAMES 
: 
1111 1 
1 
mmm 11:1::: 11111OEMOMM 
1 
m 1:1 
num 
;::a::?:: 
:::::::...11 
e..: 1611:111milli 
1111111 1 IIIIIIiiii 
MEM 
. 
P. ER% 
ussurldrip sursoup...: 
mmmmm 11 
....... MMMMM 1.. mum 
il"q1LE111,11.1.1i 
,...1 
IIMMII::: ENE 1112111MENE: 
IMAIMUMMIMEMMEMOMUEM:: ESE MOSOMMEMMEMEEMEMMMO MOE 
IMEIMMEMME. 1111112 
MM I IIIIIIIIIIIIIiiiiiiiil 
mmim...miggimum Ems 1..11 :I M 
=1 E111:11 1111111111; 11 1111.11gailigui mom 1.... 
111111 
"1:11:1:1161"11111111:11111111::::1 C. 
:se 
11111111111111:::::::.: 
1:111 
11111 
MMM 
In I, t : 
. C . : : 
:HE 
1111111 
MEM@ 
MITE 
N. 
:mai% I IMENEEM 11:11% ::::..: runininnome 
emm 
MERE 
"111111111Miiii 
:1111111111 
El 
MMMMMM 
1111114MMM MI 
E INEEMEMEEM:11 
11111111ROMII 
111..E.. 
1111 11 "" 
MM 
.11 
MENEM 
'MEM 
1111:11 
.. 
1111:::::immedinumins 11... 
. :" Imemolosim :..: 
.:. 
gums ... I 
1::::::::11111111111111411::::MMEMR. MU MIE41:::::::: 
IMMMELIMME, MMMMMMMM 
Immimmsmipm. 
"I a MMMMM iiiigiiili11111111. sworn : M 
Cams_:'..... 
Iwo 
11 IMEIMEEN:44, 
cum Willia 
- .-NI . 111 Le- 
IMAII111 
MMMMM 
:911iiiiihiff4111111 
I WEI MIMI VIAMM FUMMEEN 
1:11111MNM 
1" 
IIM I 
iiilME:111111100,I 
:ME:MMM1 1lnmi. 
mai"' 141111=1 
a 
111111 
111 III: 1: 
MMMM 
:"99141111bilinti 
:min Liman hit Rpm 
3 :E 11,1111111 
EMMEN! EMI I : : :II 
MERE Mall MAUL 114 
MN MOEN .........10 Milp mr...: 1 M kmammi em...4.1 
IIIIII. MEE Iiiiiiiiiiiiiiiliill 
MMM MOO MIMI ME En 
EMMEN MMMMM MEMO. 
igall:11111111111i111111 4E10 NEEMESENIEMEIMA MMMMMMM IDEM-'.1 
ad 
: mumiummiluni NI ::...: MMMMM .... 1: ::: :ill .:11111M01., 
MMMMMMM e.......m. 
LW 1:::::::::::1" 
1:11:11"" mu MMMMM Ismilille:: 
milmlimill.........: :EMINIMEEME0.1 
Ill "UM 1 1 111111111 MK I II MEM: EVE 
II 11111111...... MMMMM 
M ......111I 
HErnama1111:1113 MMM ailhirS 
..111111 111 1111 
11111111111111...... 
MEI: 
OMCUMURM mr....mi 
11::11201 NIII MEOHEIMME 
"""IIIIIIIIIiii:11:1111 : IIMMEMUMMEI ::::::11111111111111191LEM4MEMSTII::::::: MMMMMMMM 11111!! 
1611 
..1111111111 milammwm 1 ""lallii11111111.661 reolmr....r.., 
: 
1 
u 
LAVMEMEMMIE 
IHMEIMEEM 
IIIIILISKIII:1:1 
MMM 
...! 
... 
I. 
MEE 
sun 
111111111111:11- MMMMM 
..11 MMMMMMM ......11121: 
11-111' 11111111111111 1 
: i . Illommem 
-, 
111:111111111111 
gimp 
4:11 
MEEREEMMMEMEM EBEMEEMI MEME 1:111111:::::: I. 1 
. MMMMM .............. Illels:111:::::: 
.1.1.111111019111 
:: Imo 
1p MI Ern... 11 11:111!!!!!111111111: M !II 
"m°1111111111111111111611111111 
ell MOMEMEMAMMAII: :OM M dil;1111:11:mee..1.. 
.1 avollusls. 
111111:11111111111 SIIIIIIIIII 111111111111111111:1U I 
1111111111IMITI 
USEE11111:11.= MMMMMM mom I MIME MMMMMMM 
..11111.1 
MM MUM On brapiiHrh. 
......... 
1 er . 
:se ImEE311111:11: 
111111 
inlImpusememgpm. 
........... nun 
glom 
.......1 1 19111MEMOS11, 
I:1111111lb :ME 
11 1' 
MMM s 
gli 
torlMOPAINIFIE'ITE=414J1EACIMISMI MCIP. 
-MANIEZIM:=KLA 
- 
-1W.Mniar 
! 
11:1 
-." 
11 
1111111MOIMn.° 
ORAIOR 16111 
U;MWAMmm 
:16.1111:1111 I... I 
I" 
IIMEINE: 
MM 11X11 
VJUIMMMMMM: 
111:111.1111 1111 
......m.... 
Ian 
um. 1 P 
.11::nu MMMMM mmmmmmmmmmmmcmm ms MMMMM 
MOAN MENEM...MUMMA. NNE 
...EN 
OM NM 
MEM NEM 
NUM MMMMMMM MINIMAMA: 1111111111 MMMMMM MUM 
:MONNE. 
MI NEM:NISI NEON. 
EMI 
1 MAMMON: 
ONO 
O INIMMIN11.NE 
. 
mom 
1:111:11111111111111MENME 
mmimm.som Immo. mm 
1111111. Min= 11:111 EMBOMMEMMINI man mmommmummmomm MMMMMMM III 41111NOMIN 
EMMENUMMO MONO 
NOM MONIONNINEN OMMENNOMMOUN 
:: 
Ill EN MMMMM WEN MIMI. 
MEANOMIII INOM.E. I" 
.i:11::: 
MENEM imummo. 
ImlimmommuNE 
mmem 
...MON 
NOON: 
: 
IP 
IP 
..Na p MMMMMMM 
MOM MUNN MEM MEMO. MOM. MUMS MIN mom Mm MI ENA 
... 
III 
mi.. .. mi ..... MMMMMMM ,nigeoggs NE 
EMS: ME:11111111:MMOMMENME:IgNi 1 
: MM MmEMEMM....... MMMMM ...mil M I 
:: MMMMM IPPII mamissummumw.mmt MMIAMMJIMIN .M.101 pm TMIMIMMUMMOMOMENA MMMMMM MI 
MM 
11:11" IMMINION 
MMANNIIIIIIN MEMMINNOMMEEMMENEMMUMMI:11::::::: RC MMMMMMMMMM MINN 
CIEMENIM MIME. 
111111 
ME111.1.1. MMMMM 
111111. ...NOMMEN Ern M so MMMMMM f 11 MMIM-M1M 
1:1111113... 
g 
.111 
MMMMMMM m somimmmimil imm.070: 
1.000mp MMM mmomm. 
BIM 
UDR 
::::::11 Ougg wommrm:::=1 MEM. 110.7 MUM* g IIIIIMM M NMMMMM.III 10M ===: CIS : NOM ... mommmumml.ymi. 
MUMMIMIMMIWIMM 
........... r MMMMM 1 N.N.N. IMMINIMMIMMS r Noisammimma ININImmsumummo NeNNENNIN NENNIEN 
NEM MEN 
MONO MMMMMMM EIM M 
MN MMMMM IMMEENSEEM 
NEMER MMMMMMM NIONMENEEMN 
immm MMMMMM 1111 
.11::::.:::::::: MMMMMM 
EMMINIAMM EMENNEMEMENNOSOM 
NOMMONNOMMOMIMENERNEM MOM MMMMM EMENIEMMIUMON 
MM 
wommom 
m MMMMMMMMM mos = 
Name 
=Al 
TOMENEEMEN MMMMMMMM NEN.. 
MENNEN... 
NMI. 
MIN REM :MO:Mr ME I, MUMS. 
NM 
:::::: 
. MOORE. IN:IIM MMMMM NW 1 MMIMmmall MIIIIIIIIIMIPMENNME 
musimmimmlum ilY 2:::. MMMMM 
mg ...moo. war 
iaMMEMENEENNIMMENNOMME. EMEMAMMENEMENNM 
: 
MOUE MMMMMMM MINIMMEMMEMMOMMIN: ...."..MIN. MMMMMMMMMMMMM NOME 
NM MAI MOM MMMMMMM IMENNUMENUMMEN =Nam EMEMMEMENIMMININNE MMMMM MINE 
INEMENIIIMMIIM MEMO :::::::::::::::::MEN MOM: EMMEN MMMMMMM IMENNINORIAU 
NM OMMONIE. MMMMMMMM EMMEN MMMMM NEMUNIMMENEMON NMONNIMMINNIO MMMMMMMMMM NEMEMENUMEMENNOMM 
INI 
:MU 
mimmmisammp MMMMMM MANN IMMISMIN 
MEM...AMMO MIA EMU MMMMMMMM 1111 
MUNN NANNIMMENNISMOOMMINEMENUMMIN IMMUNORNIIMEMENNE MUM II:lil IrlIrrlirrr MMMMM err:: 
MEM 
MOM P.m MMMM OMEN :MUNN MMMMM WEEMENIMMINEU:=22MENNEMEMAILI MON111.11:1111401. . MMMMM illMILLMMOMINI MMMMM NM MONO Emiiii: li ..... .. 11.72 AMEIMMEMMIIMMNOMMEMAERM ifiraMEMMEIMIIMMIMMEIMM ON MUM MN IMENNIMANNIMMOOMIN MUMNIMENENNE MOM 
L"m° ::111111111MOMMEMMUNE MINN 
MMOM MENANNEMMENNOMMUM .24 MONNE 
MaMMIIIIiii IMINIMN IMMI MAXEMENANNEW 1111 
IMM ERMSSIMMISI EIMM mg mimmpummmi MM ::: MM moms MMMMMM NEON 
IININI 
.. ..I 
...11111.111MMIN 
N'N' mu= MMMMMMM gusig: ommommommp 111:111mipprnarummarn MMMMM P mmommus. MIIMIIIIMIMMI miummammimmm lopmmppm_____ MM OMMUMMENNEMEN MOOMMANN mommoommosmon. MMMMMMMMMMM mommosoppommmimmummmummomammommmuma ..........0 
NN mmommmomomm MUNAMMENNEN MENEM MMMMMM N ...............umm: Mumprnmimmpmumppmmimmomommm. MMINNANNEMENEMINAMENNOMANNEMINEEN OM MOMM IIIMMINMIIMMINIMI Or 21:::::211::: MO rliMMM r NM XX MINNEE:11 
MMMMMMMMMM MS MMMMMMMMMMMMMMMMMMMM LEMMOSEMOMMINEEMEMENNI MMMMMMMMMMMMMM 1.......m. um MEM MMMMMMMMMMMMMMMM NOMMUMMENOMME: 1471MMENNEENENI: rionlib...."16.1.111rminiiIMMM...MIIN 1:::::::::millem:::::: I... MMMMMMM 1.............. MMMMMMMMM ....... 
.- 1. IIIIMIIIIIIIIIIII MMMMMMMMM iiiiiiiiiiiIIIIIIIIIIIIIII m 
wilmimm....m... sem. -mmommommumme MMMMMMMMMMMMMMMMMMM 111 
moms MMMMMMMM ms.....1111:40m9. 
mum Ilmmumummos::::::::"="m" P'...'". P INTPIPMSE.M //- IIIS 
.USIMI ONO 
1 MMEMMEMMIMMOMMOMMin 
....11:1111 MMMMMMMMM MEMENMEAMANUMNIMMENN 21::::::::4161MINIRMI MMMMM p 
I.m: ImMummommmormommumomm .....:...c.. 1:::11:11........ MMMMMM 0.....u.m..... ....... .... .......," .............- 
.............. 
......................... MMMMMMMMM . 
: 
MAMMON= MMMMM EMINEMEME NM MMMMM MONNIMMEMENIM MN MMMMM MEMENEMASIIM"......"6.6:68 ...=== IIIM=1111:111:1 MMMMM ma. 
sm. um 
1 M MOMMINEMENNEMEMMA MMMMM MENEM NINIMommlomilINNIIIMMIII. 1:1111 : 
1110 : =1 II.- MVILVM10. BE MMIIIIIMIMmorn NIK11111. AMR .. IM OM MMMMMMM 11111511 11121 Nom gm......021...... 1: sm......... MM um nu:mu ........................ MMENNEMENOMMEAMENIN MMMMM MUNN mommlimmmomN ..11717. SII Mill MB nrare1111 MMMMM SE 
IP 
pimmummomommirsimm 
mommismmmommom mom. EU IIIII!" PPP ms nu KM 
ilillillIUMONI 
m MON= MENMENIMEN MMMMMMMMMMMMMM ENNIO OM MMMMMMMM EMMEN MUM MUM MONMANNI MMMMMMM %I:II III MI n''''''''. SOMMONO ENEMOOMNIMMAIMME 
WaMENNEM 
pommmorm 
mml........: ma .... MN MUM UMME MINOMMOIN MINE NANNINSOMMUMM IgEOWTMNI MENIIMmAIIIII NEINIMINININ MMMMMM ! 1M mm WWI 
Ammo M Off. NM NOMEN MIIONMMENME An INN.. IMMAINAMOMENNE EMMONS= ,flalimEN IMMINEMINNO MMMMMMMM MAMMON IMO MIES OMININA MMMMMMMM NINA MMMMMM MA 
:MEM IMINEININIM al 
1.1) ile.......1Teei 
: 
..........-.. 
: 
........ 
-1::::::::::...... 
OMMENIMM MEMINNIN MENNE MINENNE MMMMM MINEMEMMOUR MOUE 
MOMMUNNERMONNEMMEMEN MMMMM NM CNN MM :: MMMMMMMMMMMMM mommmmo 2111111P14:::::::::: 
EMEINNEEM: MMMMM MEN 
. 
...mus mu 
il. 
......... 
NINNIIIIIINENNINN Ise 
..., 
.....=.... ........... 
..mm..,== MINION 
MENOMMEM :MIMI. MMMMMMMMMMMMM NUMMENEM ... MMMMM IMMINEMOSOM 
.ninsam::::::::::::., 
::::.........:11111.1m....... MMMMM NE NEMO ME MA MMMMM IIIINIMONMEINUNIONN II NOM NommommiNoNNIN. 
IMMIMMMOS MMMMMMM som.mm MMMMMMMMMMM .. MMMMM 
mmEmmprommow:111:::::::: 
mmlOOM 
M MM. 
ENNINNINN 
MMMMMMM MMMMM MONEMENSMINNEMONIN 
MAME...AMMON MMMMMMMMM 
EMON 
NEMOIRIM 
E 
MEMOMS NIMEN 
MOON NNUMNIN NOMMEN. 11111111 
16:::::NE MMMMMM 
MMMMMMM 
..malsoural Haulm 
111. MEMO one .' 1
:2111111MENUM 
NU 
MENUMMENE MINN 
E IMINEEMOMMENEMENN. 
mommommmossommum IMIMMISIMMIIIMIMMEOMII 
11MMIMMM IMMOW...M NM 
',,MT, 
ri MEN MMMMMM M MENMENEEMEEXENNINU NommommmoromoN ON OM IMMO IIIIMMIIIMMIMMEMIIMMIIMMOMMMIOMM NMNM INMENIMMENIMMNEMIN MMMEMEMINIME NM ME mommmommxwmmommoN NOME.MM: 
NIMIMMINNIMME IMMIIMMIMMMNIMIIMMIMMMIZIMM1MINIMII Mr 
IiirrrErrrarrirrarrrik 
OMEN 
"..."MMEMEMMEMOMMIMMMAIMMIMMIMMMIMMIMM:r MEMEMEMMINIMMIerrrrOrrarrrrrr MMMMMMMMMMMMMMMMM 
MWMMEMMIRM 
MMOMEMMO Nommism. ENIONISMENN 
MENNUMMIONNIMIlimmENNININommoommmmummmmiNNImmommmmININNINEMONIONIONMENEXEMOMMINAMON 
eximmommINENIONANANNA afa aimS=mmi AMMM.IMMM. MMMEIMINMMERMOMIMMINEMIMIMIIMMIIIMMOMMEI AMMWMMEMM MMMMMM MMEMMMUMMIIMIPM.00 MMMMMMMMMM 1.111.11... s 111M 1!..t1 111 NNE 
a. 
EMEN NENE 
NM 
NM 
NM 
NM 
MN 
NM  
MMMMM EMMA. 
. N /.M I= 
r1::::::=0:::EMMNI U. MENEM MMMMM MUNN. NM 
EMANNENNEMEMMENSOMEME NIMIMIMMIMMIMMOOMMENIMEN 
IMMMM 
memmaimnmimmoomr.immm WM.. MIME MANNAMW!ANIMM NCTAN 
iNENIMMENO' ENr:IMEN 
Mr MIN Mit 
c MUMMIZA 
MIX IMU MMMMM MIN ITZZIMIMIOCCOMPOTAr:1011[1.1111. mrle.erem.mmi M m 
msimmommommmors MMMMM 
mummosmmoi MINIM NOA NN 
MIME 
MEN : EM MN 
RENNIN 
0 WOMM1MMIIMIIMO MMMMMMMMMM MOO M11111MINIMIMUN MMI1=MIMMIMIENNIIIMEIMM-- ..EMEKM mMEN NM Mosomm- 1=1ENIMINE-MMIIMI11.M MMMMM e....... 
..................-m..... MMMMM 
11. 
MMEIMIXI 
ENK.IENNEENK. a, M .., EN.MEMENNIELANNEMMENOw MM. 
moor!, Mmajmimmolm. M A MMMM MAN1JONMEENEL MrAINIAMMENAINE. ONINMENNIMA 
11.67.111;607KM.70.1MMU4OULA=VINIMMIMMEMUM 
MIMI II EEO IMMIMMIIIII eaLlIsailrgliii1:117,1111- MMMMMM MI MMMMMMM 
MIA MINIMEWAMEMEREMOMEMINNEMEMMEN MOM NEN WEE 
meow n:e 
MENKE MMMMM 
SEMEN 
MENEM 
MMMMMM MEMOS 
l mmm 
mom 
11111111111111112 
11M MI Op 
...AREOQMH&EIMUMMH2MWMIMAIAldil 
1M 
111131331311133inglIMIOT PPP'S M 
1 
OMMIIIML-C,MENC====MW.MEME.W.71,17.7EME MM 
M ." 
""""ONIMUCIAILIMilinlr'L"" "'Cabin kW" 
111111111 
rm. 
111111111 
1111111 
1111111111 
LMMOMMUUULI 
1111 :: lnil 
E 
EMMS 
Unn11111111 
Inn1111111h 
Ea.:......: : 
mimbnorzoisanagiiimumiti:JuiltralinTA211 ".... 
ono- mo 
IOW p MEP 
L 
U. 
MMMM 1 =Min 
91HPM IHI il HUUHUUMAII liiillir P""quimmu= 
iiiiiiiii 
MOMEMOLOMMMER 
MMEAMME: 
mommomm mow 
filinnumm.1 
ill III In 
Cradiffiliiiiil 
MI III 
11111 HUHU 
Innilin 
I I i_l_mmummpummommom 
m mlmommemommimmmilluall 1:991111111111 
111111111:111 
111111 
mmim.1mm 
1 1 
m inn 
111111111mim .. 1 III 
1:111 1---:::::p : 
M ag."21"11111 III SP.m.1.11 
1"""1"11111111111Iiiiiiiiimililid11111 II 
: 
.41110111 
MOS 
I I 
:11111::::111.1 
: II 
1m mmiiiii 
111 
MBA 
11 IIIIIII 
nu : 
1111:: 
mum: 
1.111:1Mii aim! 
B11111111: 
11111111111111/111111 
millm mom. 
1111 
mmmomm 
memo. mum 
mmommmm 
ImmEMI!!! 
_MIMI...9 WIPIU qprium ::.:11:: .... . nond 
Inn= ... 
....... El 
MM. 
MMEMEOME 
mums 
1111111 MEM 
non. . 
11111111 1 
nonn: 
ttb, 
fl'iT 
U...... 
"emu= 
12111.0superp 
.:....:...:. 
: e.121 
.1...1:11111111:::::..11 
IMO 
Mani. 1 
MEM 
IC 
nil ESP 
111111:11111111 
111 
MM4 UL EMMY 
.. 
:: 
.1 
I....: 
11:11 : 
, 1::1111: 
M Ma0MIN MB M MOMM.ME 
WOMEhil MO t. 
111111112::.... 
MEMBER 
MMEMMEER1MEEMME 
EMMA MMMMMMMMM 1 
c 
PRuIM 
m, 
ummini ERE 
111:1111111mmougnumlir 
.114.11111 ... 1141111 
111164UUMEMIliniih 
111111 limn 
1 11 - 
:l:: :11:l:: 11:1 
he9gri urnurne 
umm 
......... emdmmultaniummq 
I II 
1 En. 1111El 
1 ..... ammo 
mum ....... 
1. 
MENEM MEMIMMN 
11 
MMMEUM11 MMMMMMMMMMMM 1 111110112111 I IMMO 
1111111 ::1:111:::::::: :: 
1.11:111 1111:11. 
1. 
11. 
21.1 112eumem 
M 
monelEMENHIBMERE MMMMMMMMM ' 
11111:1111111111pinglup 
ME ME MEME 
qnnilighu 
MEM1 
PEEMPIMMM1.. 
EIMM 
rnaejlalli 
....I 
pimmI 
.IIImm-m-IIIIImI 
/1/18.11 11111111111 
MED.. MM.. 
1.6/1111 
mummmommmm. 
E MO 
MEE 
MB 
hhM4111111 
MM 
11 
M . 
pm. . r. VionnESHI 3111BIT emir: 
1::: 
11111111Uhum 
1111:. nn 
mum 
ms mai 
1 1 
111111 1 :1::::. IIIIIIIII 
L.Issume: 
:1. 
111111111 HUI 
Inummumpou nrI 
33 
two hours of sunlight seems to increase the resistance of 
the plant to high temperatures as much as five hours, it is 
easy to explain. There would naturally be more individual 
observations in the lower classes of percent injury and in 
the higher classes of percent survival as all the individ- 
uals for four treatments would fall in these classes. The 
individuals of the one hour treatment are somewhat inter- 
mediate, which leaves those individuals with no light to oc- 
cupy the other extremes on the percentage scale. 
A scatter diagram of percent injury and percent sur- 
vival is shown in Fig. 5. These seems to be a strong nega- 
tive correlation between survival and injury as would be ex- 
pected. This was borne out by a calculated coefficient of 
correlation of -.762, which is very significant. 
Effect of Short Intervals of Light upon the Resis- 
tance of Wheat Seedlings to High Temperatures 
As was stated previously, most of the change in both 
percent injury and percent survival came within the period 
of the first two hours the plants were exposed to light. 
Also, as this change was extremely rapid, it was decided to 
use shorter intervals of light for the first two hours to 
determine the reaction in that period. These data for 
injury and survival are shown in Tables 5 and 6, respective 
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Table 5. Short interval light test, 
of plants in four pots. 
average percent injury 
Treatment 
period of 
exposure 
to light 
Trial 
Dec. 1:Dec. 2:Dec. 6:Dec. 8:Dec. 9:Dec. 11:Mean 
5 hours 45 35 50 76 39 50 49.58 
4 hours 50 35 50 74 35 60 50.63 
3 hours 50 35 53 61 35 60 49.38 
22 hours 50 35 55 66 30 64 50.00 
2 hours 50 43 73 79 40 58 58.88 
105 minutes 55 58 73 71 35 75 61.04 
90 minutes 58 53 80 74 35 75 62.29 
75 minutes 63 59 65 83 40 78 64.38 
60 minutes 84 51 94 84 40 75 71.25 
50 minutes 81 68 84 96 35 93 76.04 
40 minutes 96 64 89 86 40 74 74.79 
30 minutes 93 83 94 96 41 78 80.63 
20 minutes 96 98 93 88 75 84 88.75 
10 minutes 100 100 95 91 90 81 92.92 
No light 100 100 100 96 100 93 98.54 
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Table 6. Short interval light test, average percent sur- 
vival of plants in four pots. 
Treatment 
period of 
exposure 
to light 
T r i a 1 
Dec. l:Dec. 2:Dec. 6:Dec. 8:Dec. 9:Dec. 11:Mean 
5 hours 100 100 100 55 90 100 90.83 
4 hours 100 100 100 65 100 100 91.67 
3 hours 100 100 95 85 95 95 95.00 
22 hours 100 100 95 60 100 85 90.00 
2 hours 100 100 60 55 75 90 80.00 
105 minutes 95 70 70 40 100 70 74.17 
90 minutes 100 90 55 35 100 75 75.83 
75 minutes 75 75 90 5 65 60 58.33 
60 minutes 35 85 5 10 90 55 46.67 
50 minutes 40 75 35 0 100 25 45.83 
40 minutes 5 70 20 5 95 95 48.33 
30 minutes 25 30 5 0 70 75 33.33 
20 minutes 10 10 15 15 65 50 27.50 
10 minutes 0 0 15 5 15 65 16.67 
No light 0 0 0 0 0 35 5.83 
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Again the figures given represent the average of four pots 
for that particular treatment. The mean for each treatment 
is also shown. Summary tables of the analysis of variance 
are shown for both injury and survival in Tables 7 and 8. 
Again, all variables tested are highly significant as com- 
pared to the F values for the one percent point. 
The level of significance for the means of each treat- 
ment shows a value of 4.56 percent. Upon examination of 
the means for each treatment the difference between a treat- 
ment of ten minutes and no light is statistically signifi- 
cant. There is no statistical difference between ten min- 
utes of light and twenty minutes although the difference be- 
tween the two lacks only .39 percent of being significant. 
A significant difference is found between treatments of 20 
and 30 minutes and also between 30 and 40 minutes. Those 
plants exposed to 50 minutes of light are somewhat out of 
line with the other treatments. Between treatments of 40 
and 50 minutes or of 40 and 60 minutes there is no signifi- 
cant difference. However, the difference is statistically 
significant for treatments of 50 and 60 minutes. 
Upon examination of the data, the December 11 trial 
seems to be out of line from the others. The only explana- 
tion for this seems to be that there was greater uncontrol- 
led variation in this trial than in the other trials, which 
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Table 7. Summary of analysis of variance for injury for the short interval light test. 
Variation due to df Sum of Mean F value 
squares square Cale. 5% pt.:1%_2-1. 
Treatments 14 90,995.139 6,499.653 95.70 1.75 2.19 
Trials 5 45,717.223 9,143.445 134.63 2.25 3.09 
Treatments x trials 70 6,109.861 87.284 1.29 1.16 1.24 
Error 
Pots 3) 
Pots x treatments 42) 270 
Pots x trials 15) 
Pots x treatments x trials 210) 
18,337.550 67.917 
Total 359 161,659.723 
Standard error of a single determination = Y67.917 = 8.024 
Standard error of the mean for each treatment = 8.024 = 8.024 = 1.640 
V24 4.89 
Standard error of a difference = Vff x 1.640 = 2.319 
Level of significance for 5% point = 2.319 x 1.969 = 4.566 
Table 8. Summary of analysis of variance for survival for the short interval light test. 
Variation due to df Sum of 
squares 
Mean 
square 
F value 
Treatments 14 287,993.333 20,570.952 38.22 1.75 2.19 
Trials 5 94,586.667 18,917.333 35.15 2.25 3.09 
Treatments x trials 70 101,880.000 1,455.429 2.70 1.16 1.24 
Error 
Pots 3) 
Pots x treatments 42) 270 145,300.000 538.148 
Pots x trials 15) 
Pots x treatments x trials 210) 
Total 359 629,760.000 
Standard error of a single determination = 23.19 
Standard error of the mean for each treatment = 23.19 = 23.19 = 4.742 
-WI 4.89 
Standard error of a difference = Yrff 4.742 = 6.705 
Level of significance for 5% point = 6.705 x 1.969 = 13.202 
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40 
probably would have been minimized or eliminated by running 
more trials. A significant difference occurs between the 
exposure of light for 60 minutes and the next three treat- 
ments of 75, 90, and 105 minutes. Between any two of these 
three latter treatments, however, there is no statistical 
difference. As the intervals have increased here, it can be 
assumed that the effect of light upon resistance is dimin- 
ishing. No significant difference occurs between 2 hours 
and 90 minutes nor 2 hours and 105 minutes. However, there 
is a significant difference between treatments of 75 minutes 
and 2 hours and between 2 hours and 22 hours. The differ- 
ence between treatments of two and one-half, three, four, 
and five hours of light is not statistically significant. 
It can be concluded from this that light has little or no 
effect on the resistance of the plant to high temperatures 
after the plants have been exposed to light for a period of 
two and one-half hours. 
The long interval test showed no difference between 
two hours and three hours of light. The latter test shows, 
however, that light of two hours and three hours are signi- 
ficantly different in affecting the plants' resistance to 
high temperature. During the last week in November, there 
were five cloudy days. A possible explanation for this 
discrepancy in regard to two and one-half hours of exposure 
41 
to light is that the plants tested were low in resistance 
due to lack of sunlight when young. Therefore, sunlight 
might materially aid the plant in its resistance for a 
longer period of time than Curing the summer when there were 
few cloudy days. 
As shown in Table 8, the level of significance for the 
five percent point for survival is 13.20. As the level of 
significance for injury is about one-third of that for sur- 
vival, it may be that the factors within the plant are not 
the same for recovery and survival as those for resistance 
to injury. A more plausible explanation may be that less 
accuracy in calculating the level of significance for sur- 
vival was obtained, thereby increasing the numerical value 
of the level of significance. 
There is no significant difference between the means 
of treatments of no light and 10 minutes, between 10 min- 
utes and 20 minutes, and between 20 minutes and 30 minutes 
in regard to survival. However, the differences are statis- 
tically significant between no light and 20 minutes of ex- 
posure to light and between 10 minutes of light and 30 min- 
utes. In other words, the interval of significance for 
survival seems to be 20 minutes, while for injury it was 10 
minutes. There is a slight discrepancy among treatments of 
40, 50, and 60 minutes of exposure to light, but the 
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difference is not significant. Treatments of 75 minutes are 
also not significant from the 40, 50, and 60 minute treat- 
t:ents, but it lacks very little. A statistical difference 
is found between 75 and 90 minutes but none occurs between 
90, 105, or 120 minutes. The difference between the treat- 
ments of 105 minutes of sunlight and 2i hours is significant. 
There is no significant difference in survival of wheat 
seedlings exposed to two, two and one-half, three, four, or 
five hours of sunlight. This is excepting the difference 
between two hours and three hours, which is statistically 
significant. 
It should be remembered when considering significance 
that it is only an arbitrary point in the probability scale 
selected either. by the investigator or by common usage. 
In analyzing these date the five percent point was used to 
denote significance. Probabilities are continuous between 
certainty that an event will not happen to certainty that 
the event will happen. Therefore, a value slightly below 
the level of significance has almost the same probability as 
a value slightly above the level. As the five percent-point 
seems to be used by the majority of investigators and as 
some point must necessarily be chosen as the level of sig- 
nificance, it was used in the analysis of these data. 
Figure 6 illustrates graphically the decrease in 
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percent injury with an increase in exposure to light. In 
Fig. 7 is shown the increase in percent survival with an 
increase in the length of time the plants are exposed to 
light. These graphs show clearly that light is effective 
only for the first two and one-half hours of exposure. 
Also, the light has a greater and more rapid effect the 
first hour than the second hour and a still lesser effect 
the third hour. It is also indicated by the graphs that the 
hardening of the plants is gradual, although the accelera- 
tion decreases after the first hour. 
The Effect of Photosynthesis on the Resistance 
of Wheat Seedlings to High Temperatures 
It was concluded from the light interval test that 
light was a major factor in hardening plants to high temper- 
atures. It would seem that photosynthetic products in the 
plant might account for the increase in resistance with an 
increase in exposure to light. Following this hypothesis, 
it was decided to design an experiment whereby the, plant 
would receive light under comparatively normal conditions 
and still not carry on photosynthesis. Elimination of the 
carbon dioxide seemed the best possible means to attain this 
end. The carbon dioxide eliminator was set up and 12 trials 
run during the summer. These data are shown in Table 9 for 
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injury and survival. The figures given are the original 
readings taken on each pot with the mean for each treatment. 
As was mentioned in the material and methods, these 
percentage data were transformed into degrees by use of the 
formula p = sin2d)and are reported in Table 10. Analysis of 
variance was computed on both the transformed data and the 
original data. Table 11 shows the summary of the analysis 
of variance for injury using the original percentage data. 
Table 12 is the summary of the analysis of variance for in- 
jury using the transformed data. All variables were signif- 
icant and those for treatments highly significant in both 
transformed and original data. However, the F value of the 
original data was 84.08 for treatments which is considerably 
higher than the F value of 58.52 for the transformed data. 
The level of significance is lower for the transformed data 
than for the original data (7.93 percent as compared with 
8.66 percent). As the range of transformed data is narrower 
also (from 00-900) there is little if any added advantage in 
using transformations in the analysis of these data. 
In Tables 13 and 14 are found the summaries of the 
analysis of variance in regard to survival for the original 
data and transformed data, respectively. As we are more 
interested in treatments than the other variables, they will 
be compared. The F value of the original percentage data is 
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Table 9. Carbon dioxide test in which only three treatments 
were used. 
Trials 
1939 
Dark CO2 Free Light 
Pot I Pot II Pot I Pot II Pot I Pot II 
Percent injury 
June 20 60.0 50.0 35.0 45.0 20.0 25.0 
June 22 100.0 95.0 80.0 100.0 85.0 75.0 
June 23 80.0 100.0 100.0 70.0 65.0 80.0 
July 6 75.0 85.0 55.0 55.0 5.0 5.0 
July 7 80.0 85.0 10.0 5.0 10.0 0.0 
July 8 100.0 90.0 90.0 10.0 10.0 5.0 
July 10 85.0 95.0 40.0 10.0 5.0 0.0 
July 11 95.0 85.0 10.0 15.0 0.0 5.0 
July 12 85.0 65.0 100.0 40.0 10.0 0.0 
August 19 100.0 100.0 98.0 100.0 100.0 80.0 
August 22 98.0 70.0 98.0 95.0 35.0 30.0 
August 26 100.0 100.0 100.0 90.0 45.0 55.0 
Mean 86.58% 60.46% 
Percent survival 
31.25% 
June 20 80.0 60.0 100.0 100.0 100.0 100.0 
June 22 0.0 20.0 40.0 0.0 20.0 60.0 
June 23 60.0 0.0 0.0 0.0 40.0 40.0 
July 6 40.0 40.0 60.0 60.0 80.0. 100.0 
July 7 60.0 20.0 100.0 100.0 100.0 100.0 
July 8 0.0 40.0 20.0 80.0 100.0 100.0 
July 10 40.0 20.0 60.0 100.0 100.0 100.0 
July 11 0.0 0.0 100.0 80.0 100.0 100.0 
July 12 60.0 80.0 0.0 80.0 100.0 100.0 
August 19 0.0 0.0 0.0 0.0 0.0 60.0 
August 22 0.0 40.0 0.0 0.0 60.0 60.0 
August 26 0.0 0.0 0.0 20.0 60.0 60.0 
Mean 28.33% 45.83% 76.67% 
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Table 10. Carbon dioxide test in which only three treat- 
ments were used. 
Trials Dark CO2 Free Light 
1939 Pot I Pot II Pot I Pot II Pot I Pot II 
Degree injury 
June 20 50.77 45.00 36.28 42.13 26.57 30.00 
June 22 90.00 77.08 63.43 90.00 67.22 60.00 
June 23 63.43 90.00 90.00 56.79 53.73 63.43 
July 6 60.00 67.22 47.87 47.87 12.93 12.93 
July 7 63.43 67.22 18.43 12.93 18.43 0.00 
July 8 90.00 71.57 71.57 18.43 18.43 12.93 
July 10 67.22 77.08 39.23 18.43 12.93 0.00 
July 11 77.08 67.22 18.43 22.73 0.00 12.93 
July 12 67.22 53.73 90.00 39.23 18.43 0.00 
August 19 90.00 90.00 81.81 90.00 90.00 63.43 
August 22 81.81 56.79 81.81 77.08 36.28 33.21 
August 26 90.00 90.00 90.00 71.57 42.13 47.87 
Average 72.66 54.83 30.57 
Degree survival 
June 20 63.43 50.77 90.00 90.00 90.00 90.00 
June 22 0.00 26.57 39.23 0.00 26.57 50.77 
June 23 50.77 0.00 0.00 0.00 39.23 39.23 
July 6 39.23 39.23 50.77 50.77 63.43 90.00 
July 7 50.77 26.57 90.00 90.00 90.00 90.00 
July 8 0.00 39.23 26.57 63.43 90.00 90.00 
July 10 50.77 26.57 50.77 90.00 90.00. 90.00 
July 11 0.00 0.00 90.00 63.43 90.00 90.00 
July 12 50.77 63.43 0.00 63.43 90.00 90.00 
August 19 0.00 0.00 0.00 0.00 0.00 50.77 
August 23 0.00 39.23 0.00 0.00 50.77 50.77 
August 26 0.00 0.00 0.00 26.57 50.77 50.77 
Average 25.72 40.62 68.46 
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Table 11. Summary of analysis of variance for injury using the original percentage data 
obtained from the carbon dioxide test in which three treatments were involved. 
Variation due to df um of 
squares 
can 
square 
F value 
Calc. 5% pt.:1% pt. 
Treatments 2 36,779.361 18,389.681 84.08 3.26 5.26 
Trials 11 35,527.486 3,229.771 14.77 2.07 2.79 
Treatments x trials 22 17,453.306 793.332 3.63 1.87 2.42 
Error 
Pots 1) 
Pots x treatments 2) 36 7,873.500 218.708 
Pots x trials 11) 
Pots x treatments 
Total 71 97,633.653 
Standard error of a single determination = V21577058 = 14.78 
Standard error of the mean for each treatment = 14.78 = 14.78 = 3.022 
Standard error of a difference = a 3.022 = 4.273 
n 4.89 
Level of significance for 5% point = 2.028 x 4.273 = 8.666 
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Table 12. Summary of analysis of variance for injury using transformed 
carbon dioxide test in which three treatments were used. 
clPta from the 
Variation due to df Sum of 
squares 
Mean 
square 
F Value 
Actual 5% pt.:1% pt. 
Treatments 2 21,420.417 10,710.209 58.52 3.26 5.26 
Trials 11 22,822.970 2,074.815 11.33 2.07 2.79 
Treatments x trials 22 8,155.679 370.713 2.03 1.87 2.42 
Error 
Fots 1) 
Treatments x pots 2) 36 6,588.256 183.007 
Trials x pots 11) 
Treatments x trials x pots 22) 
Total 71 58,609.322 
Standard error of a single determination = 13.53 
Standard error of the mean for each treatment = s = 13.53 = 2.767 
1 ;717. 4.89 
Standard error of a difference =6-5E a = 2.767 x 1.414 = 3.913 
Level of significance for the 5% point = 3.158 x 2.028 = 7.935 
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Table 13. Summary of analysis of variance for survival using original percentage data 
obtained from the carbon dioxide test in which three treatments were involved. 
Variation due to df "aura of 
squares square 
F value 
Cale. 5% pt.:1% pt. 
Treatments 2 28,744.453 14,372.227 95.93 3.26 5.26 
Trials 11 48,727.778 4,429.798 29.26 2.07 2.79 
Treatments x trials 22 27,472.214 1,248.737 8.24 1.87 2.42 
Error 
Pots 1) 
Pots x treatments 2) 36 5,450.000 151.389 
Pots x trials 
Pots x treatments 
11) 
x trials 22) 
Total 71 110,394.445 
Standard error of a single determination = 1151.389 = 12.31 
Standard error of the mean for each treatIEent = 12.31 = 12.31 
-7 2.517 
V24 4.89. 
Standard error of a difference = 2.517 a = 3.559 
Level of significance for 5% point = 2.028 x 3.559 = 7.218 
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Table 14. Summary of analysis of variance for survival using transformed data from 
the carbon dioxide test involving three treatments. 
Variation due to df Z-um of 
squares 
Mean 
square 
F value 
Actual 570 pt.:17o pt. 
Treatments 2 22,589.0656 11,294.5328 29.30 3.26 5.26 
Trials 11 37,363.3443 3,396.6676 8.81 2.07 2.79 
Treatments x trials 22 9,922.1824 451.0083 1.17 1.87 2.42 
Error 
Pots 1) 
Treatments x pots 2) 36 13,875.2421 385.423 
Trials x pots 11) 
Treatments x trials x pots 22) 
Total 71 83,749.8344 
Standard error of a single determination 7 19.63 
Standard error of the mean for each treatment = s = 19.63 = 4.014 
yr; 4.89 
Standard error of a difference = Oiff = 4.014 x 1.414 = 5.676 
Level of significance for the 570 point = 5.676 x 2.028 = 11.511 
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about three and one-half times as large as that of the 
transformed data. In addition, the level of significance 
for the transformed data was 11.51 and only 7.218 for the 
original percentage data. In all cases when compared to the 
means of treatments, the differences are significant. How- 
ever, the original percentage data has a range from 0 to 100 
percent, which would allow a greater level of significance 
to equal a smaller level of significance in the transformed 
data which has a range only from 0 to 90 degrees. In the 
survival tests, the level of, significance for the trans- 
formed data is higher than that of the original percentage 
data, indicating that the accuracy in this case was de- 
creased by a transformation of the data. 
In Fig. 8 is shown a graphic representation of the 
means for the different treatments of both injury and sur- 
vival for both the original data and the transformed data. 
This also shows clearly that there is little difference be- 
tween the original and transformed data. 
It was concluded that with these data, the accuracy 
of the generalized standard error was increased very little, 
if any, and the increased validity was not worth the ex- 
penditure of time in transforming the data. It was then 
decided that the remainder of the data would be analyzed 
on the basis of the original percentage readings. 
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Figures 9 and 10 show the histograms for injury and 
survival, respectively. Again, there is an accumulation of 
individual observations at the limits of the range. However, 
here are shown three distinct peaks in the histograms of 
both injury and survival. This probably is the result of 
the three treatments even though the means for the treat- 
ments do not fall very close to the three modes. The reason 
for this discrepancy is that there was considerable varia- 
tion between the levels of trials as is shown by the F values 
for trials in all the analysis of variance summary tables. 
According to the hypothesis that photosynthesis pro- 
ducts cause a plant to be resistant to high temperatures, 
those plants placed in the carbon dioxide eliminator for a 
period of five hours should theoretically be as susceptible 
to heat as those remaining in the dark for that length of 
time. However, this was not true as shown by the means for 
each treatment of both survival and injury. The differences 
between each of the means was highly significant in both in- 
jury and survival when compared to the level of significance 
for the five percent point. This, however, can be explained 
by the fact that the CO2 of respiration is undoubtedly being 
used before it reaches the atmosphere. Miller (1910) 
stated, "The carbon dioxide liberated by the seedling by 
respiration during daylight is, under these conditions, 
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probably used in photosynthetic processes before it leaves 
the plant. There seems to be no possible means of prevent- 
ing the CO2 thus liberated from being utilized by the plant 
in daylight." These "conditions" referred to by Miller in 
the above quotation are conditions similar to those of 
plants in the carbon dioxide eliminator. Also, as shown by 
the short light interval test, a period of 10 minutes light 
imparts much resistance to plants as there is no way of 
placing the plants in the carbon dioxide eliminator without 
allowing atmospheric air to fill the bell jars. This may be 
available for photosynthesis for a short period. It is not 
known how long it takes the air to become free from carbon 
dioxide as it is a problem of dilution rather than complete 
elimination. Therefore, if photosynthesis is one of the 
mechanisms of resistance, the plants in the carbon dioxide 
eliminator would be expected to be more resistant to high 
temperatures than those in the dark. 
As plants in the carbon dioxide eliminator and those 
in light were not under quite comparable exposures to light, 
it was decided to insert a fourth treatment into the experi- 
ment. In order for rays of light to reach the plants in 
the eliminator, they must pass first through the glass in 
the greenhouse and then through the glass of the bell jars. 
The rays of light hitting those plants placed under normal 
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greenhouse conditions had only to pass through the layer of 
glass on the greenhouse. The fourth treatment consisted of 
two pots of plants placed under bell jars so as to allow 
free circulation of air around the plants but so that no 
sunlight could reach the plants except through the bell 
jars. By this method it could be determined whether or not 
there was a screening effect exercised by the bell jars. In 
Table 15 is shown the original percentage data for both in- 
jury and survival for each pot and the mean for each treat- 
ment. The experiment was repeated 10 times, the data being 
reported in Table 15. 
Tables 16 and 17 show the summaries of analysis of 
variance and the levels of significance for injury and sur- 
vival, respectively. Again, the level of significance for 
survival is three times that of injury. The level of sig- 
nificance of 4.019 for the five percent point indicates that 
the differences between the means of injury of dark and car- 
bon dioxide treatments are highly significant. There is a 
greater difference between the means of those plants placed 
in the carbon dioxide eliminator and those placed in the 
open bell jars. Also, the difference is very highly signi- 
ficant between plants receiving normal sunlight in the green 
house and those having no carbon dioxide. There is also a 
significant difference between the means of plants placed 
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Table 15. Original percentage data obtained from the carbon dioxide 
test in which four treatments were used. 
Trial 
No. 1939 
Dark CO2 Free Open jars Light 
Pot I Pot II Pot I Pot II Pot I Pot II Pot I Pot II 
Percent injury of each pot 
1 Dec, 2 90 100 60 60 40 40 45 45 
2 Dec. 4 100 100 75 100 30 30 45 45 
3 Dec. 5 85 95 60 60 40 40 40 35 
4 Dec. 6 100 100 85 85 60 60 70 70 
5 Dec. 8 100 100 70 95 45 45 50 50 
6 Dec. 9 100 100 90 85 35 35 45 45 
7 Dec. 11 100 100 50 45 40 45 30 40 
8 Dec. 15 100 100 55 45 40 40 40 40 
9 Dec. 21 60 60 70 90 35 35 40 40 
10 Dec. 27 100 100 100 100 85 60 90 70 
Mean 94.5 74.0 44.0 48.75 
Percent survival of each pot 
1 Dec. 2 40 0 100 100 100 100 100 100 
2 Dec. 4 0 0 60 0 100 100 100 100 
3 Dec. 5 80 20 80 100 100 100 100 100 
4 Dec. 6 0 0 40 60 100 100 100 100 
5 Dec. 8 0 0 80 20 100 100 100 100 
6 Dec. 9 0 0 20 40 100 100 100 100 
7 Dec. 11 0 0 100 20 100 80 80 40 
8 Dec. 15 0 0 80 100 100 100 100 100 
9 Dec. 21 80 100 80 20 100 100 100 100 
10 Dec. 27 0 0 0 0 20 80 20 60 
Mean 16.0 55.0 94.0 90.0 
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Table 16. Summary of analysis of variance for injury using the original percentage data 
obtained from the carbon dioxide test in which four treatments were involved. 
Variation due to df Sum of 
squares 
Mean 
square 
F value 
Calc. 5% pt.:1% pt. 
Treatments 3 33,118.438 11,039.479 2781.64 2.84 4.31 
Trials 9 8,770.313 974.479 24.55 2.16 2.91 
Treatments x trials 27 6,790.937 251.516 6.34 1.75 2.25 
Error 
Pots 1) 
Pots x trials 9) 40 1,587.494 39.687 
Pots x treatments 3) 
Pots x trials x treatments 27) 
Total 79 50,267.182 
Standard error of a single determination = 139.707 = 6.29 
Standard error of the mean for each treatment = 6.29 = 6.29 = 1.407 
V20 Z7772 
Standard error of a difference = o 1.407 = 1.989 
Level of significance for 5% point = 1.989 x 2.021 = 4.019 
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Table 17. Summary of analysis of variance for survival using original percentage data 
obtained from the carbon dioxide test in which four treatments were involved. 
7ariation due to df Sum of 
squares 
Mean 
square 
F value 
Cale. 5$ pt.:170 pt. 
Treatments 3 79,215 26,405 66.85 2.84 4.31 
Trials 9 25,225 2,802.778 7.10 2.16 2.91 
Treatments x trials 27 22,235 823.519 2.08 1.75 2.25 
Error 
Pots 1) 
Pots x trials 9) 40 15,800 395.00 
Pots x treatments 3) 
Pots x treatments x trials 27) 
Total. 79 142,475 
Standard error of a single determination = 379= 19.87 
Standard error of the mean for each treatment 19.87 = 19.87 = 4.443 
Y20 4.472 
Standard error of a difference = ff 4.443 = 6.282 
Level of significance for 570 point = 6.282 x 2.021 = 12.696 
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in open bell jars and those plants placed in the light under 
natural greenhouse conditions. According to the hypothesis, 
these two treatments should have no significant difference 
in their effect upon the resistance of wheat seedlings to 
high temperatures. The temperatures of the air surrounding 
the plants in all treatments were recorded soon after it was 
noticed that the plant in the open bell jars were injured 
less than those in the natural light in the greenhouse. 
However, the temperatures between any of the treatments 
varied not more than two degrees, so probably the hardening 
influence of the open bell jars is not a temperature factor. 
There was no way of measuring the relative humidity of air 
surrounding the plants in the various treatments. However, 
there was no condensate on the walls of the open bell jars 
so it was assumed that the relative humidity within the open 
bell jars and the atmosphere of the greenhouse were essen- 
tially the same. Perhaps a possible explanation would be 
that there was a concentration of carbon dioxide in the bell 
jars but as it is heavier than air this explanation is un- 
likely. In the last two trials, condensate was noticed on 
the bell jars of carbon dioxide eliminator. This might 
change the light relationship in the last two trials as the 
rays of light must pass through drops of water in addition 
to glass in order to reach the plant. However, this 
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occurred in only two trials and probably had little effect 
on resistance. The temperature of the greenhouse varied 
considerably during the treatment and probably caused the 
condensation. 
The level of significance for the five percent point 
for survival was 12.696. Upon examination of the means of 
each treatment in regard to survival, it is found that there 
is no significant difference between plants in the normal 
light and those in the open jars, although the survival was 
somewhat greater for plants in the open jars. There is a 
significant difference between the means of plants treated 
in the dark and those treated in the carbon dioxide elimin- 
ator. The difference between the means of the carbon dio- 
xide free treatment and the open jars, the carbon dioxide 
free treatment and the direct light in the greenhouse, and 
the treatment in the dark compared with the open jars and 
the light are all statistically significant. All the cal- 
culated F values for injury greatly exceed the one percent 
point, indicating high significance. Both treatments and 
trials are highly significant in the analysis of variance 
for survival. The F value for the interaction between treat- 
ments and trials exceeds the five percent point but not the 
one percent point. 
Figure 11 illustrates graphically the means of the 
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treatments for both injury and survival. Plate II shows a 
representative trial of the carbon dioxide tests. 
DISCUSSION 
It has been stated by Maximov (1929) that the study 
of drought resistance is probably as complex a problem as 
that involving any other plant character. Drought resis- 
tance not only must be considered from the standpoint of the 
plant's reaction to high temperatures, low humidity, and 
other atmospheric factors but also from the standpoint of 
soil factors, and the plant's own physiological and morpho- 
logical adaptation to such adverse conditions. The means 
that a plant employs to avoid a too intensive loss of water 
are varied, numerous, and different for different species. 
A knowledge of the mechanisms of drought resistance 
would pave the way for satisfactory methods of determining 
drought resistance under controlled conditions, thereby 
materially aiding the plant breeder in his selection of 
drought resistant varieties. In order to accomplish this 
aim, the problem of drought resistance must be split into 
its various subdivisions and the sections studied separate- 
ly. For example, it has been found by Heyne and Laude (1940) 
and corroborated by the work discussed in this paper, that 
light greatly hardens plants to high temperatures. This 
EXPLANATION OF PLATE II 
All four pots were placed in the heat chamber at 
a temperature of 130° F. and 35 percent humidity for 
a period of five hours. Treatment preceding trials 
was as follows: 
Pot 1 - 
for 5 hours. 
Pot 2 - 
for 5 hours. 
placed in sunlight 
placed in sunlight in open bell jars 
Pot 3 - placed in CO2 eliminator for 5 hours. 
Pot 4 - plants received no light since day pre- 
ceding the trial. 
Plate II 
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indicates that a lack or deficiency of sunlight decreases 
the tolerance to heat in at least wheat and corn. Tumanov 
(1929), however, found that plants grown in the shade were 
more resistant to edaphic drought than plants grown in the 
direct sunlight. Caldwell (1913) showed that plants growing 
under shady conditions reduced the water content of the soil 
to a greater degree than plants grown in direct sunlight. 
This property would enable them to resist soil drought for 
a longer period. On the strength of these investigations 
it may be concluded that sunlight is advantageous to the 
plant in resisting high temperatures but harmful to its 
evasion of edaphic drought. These factors might tend to 
counteract one another and the action of sunlight obscured 
if the subdivisions were not studied separately. 
Similarly, plants grown under humid conditions were 
found by Caldwell (1913) to deplete the soil moisture to a 
greater degree, thereby resisting edaphic drought for a 
longer time. On the contrary, Berkley and Berkley (1933), 
working with cotton, found that for an exposure of one 
minute, the cotton plant was killed in moist air at 65° C. 
In dry air Se C. was the lethal temperature required. 
Again there seems to be an opposing reaction when both at- 
mospheric and edaphic drought are considered. 
In considering the effect of light on the tolerance of 
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wheat seedlings to high temperatures, it might be assumed 
the factor in resistance was the photosynthetic products 
formed. A dearth of carbon dioxide should therefore produce 
the same effect as lack of sunlight. This seemed to be the 
case, as shown by the tests with carbon dioxide reported in 
this manuscript. Although the plants treated in the carbon 
dioxide eliminator were injured significantly less than 
those in the dark, the carbon dioxide of respiration would 
be available to those plants in the eliminator for photo- 
synthesis. Also, the carbon dioxide could not be eliminated 
directly but was diminished by a process of dilution. 
As shown by these tests and previous experiments, 
there is little doubt but that photosynthesis is partly the 
cause of resistance in seedling plants of wheat and corn. 
This seems to be only a partial explanation, as the greatest 
resistance was garnered by the plant during the first hour 
of exposure to light and probably the first period of ten 
minutes aided the plant more than any other equal period the 
plant was exposed to sunlight. It is doubtful if photosyn- 
thesis can act to such an extent as to cause this rapid in- 
crease in resistance. It was observed by Osterhout and 
Haas (1916) and Spoehr and McGee (1923) that the rate of 
photosynthesis of plants, which have remained in the dark- 
ness for a period and then exposed to light, is slow at 
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first and then steadily increases to the maximum. This 
would further tend to prove that photosynthesis was not re- 
sponsible for the resistance gained by wheat seedlings dur- 
ing the first hour of exposure. Andrews (1925) stated that 
temporary starch appeared in the chloroplasts as early as 
six minutes after exposure to sunlight. Sugar is formed 
more quickly than starch so it would be safe to estimate 
that three minutes of exposure would cause the synthesis of 
sugar. Even in the face of this information, it is doubtful 
that photosynthesis is the sole cause of resistance to at- 
mospheric drought. 
If photosynthesis is not responsible then the best 
probable solution left is through the phenomena called 
photocatalytic action. According to Miller (1938), Trumpf 
discovered that periods of exposure of sunlight of only one 
or two minutes produced marked changes in the appearance of 
etiolated plants. 
Priestly (1925) has confirmed the work of Trumpf in 
showing that light exposure of one or two minutes per day, 
even to a relatively weak artificial light, will fail to 
produce any signs of chlorophyll in the expanded leaf tis- 
sue while effectively removing most of the characteristic 
effects of etiolation. This evidence seems to dispel the 
contention that photosynthetic products are concerned in 
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these changes during such brief periods. Further, the 
experiments of Trumpf were carried on at such low tempera- 
tures that growth could not take place, yet the effect of 
the brief exposures of light still occurred. Of course, the 
experiments of Trumpf and Priestly were concerned only with 
morphological changes of etiolated plants. However, it is 
well within the realm of possibility that resistance may be 
affected in a similar manner. 
The exact chemical action stimulated by light is yet 
unknown. Priestly (1925) suggested that it was "a photo- 
catalytic action upon fatty or lipoid substances which has 
the result either of releasing them from the surface of the 
protoplast into the wall or setting them free from combina- 
tion within the wall, with the result that they slowly dif- 
fuse through the aqueous substratum of the cellulose wall 
and finally accumulate at the surface of the shoot in the 
cuticle." The theory advanced by Priestly may explain the 
morphological changes which occur in the etiolated plants, 
but it is hardly the answer to the problem of heat tolerance. 
The physiological reaction, of the plant to light has 
been studied in regard to a number of characters. Perhaps 
the most obvious from the standpoint of its application to 
the question of drought tolerance is permeability. Miller 
(1938), citing Lepeschkin, stated that light increased the 
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permeability of the pulvinal cell of legumes resulting in a 
decrease in volume and turgor. Darkness caused a decrease 
in permeability of the protoplasm bringing about an in- 
creased turgor and volume. The speed with which these re- 
actions occur is not known but it is entirely possible that 
they are affected readily by light. Darkness would there- 
fore cause a more luscious, succulent plant which probably 
would be injured to a greater extent by high temperatures 
than those plants in the light, 
The effect of light on proteins should perhaps also be 
considered. Miller (1938) concluded, after the review of 
literature on the subject, that light had little or no ef- 
fect on protein synthesis provided there was a sufficient 
supply of sugars present in the cells. As this would re- 
flect back upon the problem of photosynthesis, it in no way 
concerns the photocatalytic response of plants. 
No method of attacking this problem can be suggested at 
the present time. The photocatalytic response seems to be 
so delicate that the many variables involved can not be con- 
trolled with the present equipment. 
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SUMMARY AND CONCLUSIONS 
The effect of light and photosynthesis on the resis- 
tance of wheat seedlings to high temperature was studied. 
The results obtained agreed very well with previous work in 
regard to the influence of light. 
Three main tests were studied: (1) the effect of long 
intervals of light upon the resistance of seedling plants of 
wheat to high temperatures; (2) the effect of short inter- 
vals of light on the heat tolerance of wheat seedlings; and 
(3) the effect of the lack of carbon dioxide on the resis- 
tance of seedling plants of wheat to atmospheric drought 
under controlled conditions. 
Testing 14-day-old seedlings in the heat chamber for a 
period of five hours at 120° F. and a relative humidity of 
35 percent showed that the resistance was increased the 
greatest during the first hour of exposure to light. After 
two hours of light there was no increase in the resistance 
of seedlings with a corresponding increase in the exposure 
to light. This was confirmed by the short interval light 
test in which 21-day-old seedlings were tested at 130° F. 
and a relative humidity of 35 percent. 
Plants placed in a specially devised carbon dioxide 
eliminator reacted to high temperatures in a similar manner 
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as plants kept in the darkness preceding the heat treatment 
although the difference between them was significant. 
A statistical study was made of the individual readings 
obtained in tests involving the elimination of carbon dio- 
xide to determine the advisability of transforming percent- 
age data. It was concluded that with these data the accur- 
acy of the generalized standard error was not increased suf- 
ficiently to compensate for the extra labor involved in mak- 
ing the transformations. 
It was concluded from these studies that light and car- 
bon dioxide have a marked effect upon the resistance of 
seedling plants of wheat to high temperatures. These re- 
sults indicate that the products of photosynthesis are in- 
strumental in causing plants to be resistant to high temper- 
atures, although other mechanisms are probably involved. 
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